Toxicity from accidental and intentional ingestion of yellow phosphorus, ubiquitously present in fireworks and rodenticides, has recently become more frequent. Gastrointestinal, renal, neurologic, and cardiovascular manifestations are common, with mortality of 23 per cent to 73 per cent. Reports of haematological abnormalities are rare. We report only the second case of severe neutropenia secondary to selective myelosuppression in a 14-year-old girl following intentional ingestion of yellow phosphorus. Leucocyte counts recovered spontaneously without further complications. Our case indicates that, besides hepatic and renal function monitoring, physicians should meticulously monitor blood counts in such cases for early detection of marrow suppression. Further studies are required to elucidate the complex mechanisms and significance of this unusual toxicity of yellow phosphorus.
Background
Yellow phosphorus is available as a paste with concentrations varying from two to five per cent. 1 In the past, the main application of this chemical was in firecrackers and military ammunition, however, it also has a role as an animal poison. Following reports of declining efficacy of warfarins as rodenticides, 2 interest in yellow phosphorus as a rodenticide was re-ignited. This has paved way for increasing numbers of intentional and accidental ingestions of this toxin in humans, resulting in high mortality and morbidity. The lethal dose has been calculated to be 1mg/kg body weight. 3 We present a rare case, in which the ingestion of yellow phosphorus paste led to severe bone marrow toxicity selectively affecting the myeloid series and spontaneous remission over a one-week period.
Case details
A 14-year-old girl was brought to the emergency room by her parents 18 hours after intentional ingestion of approximately 5g of yellow phosphorus (three per cent). The compound was being used at home as a paste for killing rodents. She received gastric lavage from a nearby hospital before arriving at our hospital. Apart from occasional nausea, she was asymptomatic. She had no past personal or family history of psychiatric illness or attempts of deliberate self-harm.
On examination, she was conscious, oriented, and cooperative. Her pulse was 78 beats/minute and blood pressure was 110/70mmHg in the supine position. She was mildly dehydrated; there was no postural drop in blood pressure. She had neither pallor nor jaundice. There were no petechiae, purpurae, or ecchymosis. Signs of liver cell failure were absent. Systemic examination was otherwise unremarkable. (Figure 1 ). 
Peripheral smear showing marked leucopenia with normal erythrocytes, platelets, and no abnormal cells (Leishman stain, 100X).
In view of the declining leucocyte count, bone marrow examination was performed, which showed markedly decreased cellularity for her age (average cellularity of 30 per cent) with focal interstitial oedema. There was marked suppression of myeloid series with preserved normoblastic erythroid maturation, normal megakaryocytes, lymphocytes, and plasma cells ( Figure 2 ). There was no evidence of dyspoiesis, increased histiocytes (one per cent), malignancy, or granulomas. On the fourth day post-admission, her hepatic transaminases showed significant elevation (AST-360IU/L and ALT-138IU/L). Serum transaminases continued to rise over the next two days and then steadily fell to near normal levels in the subsequent three to four days. Renal functions remained normal throughout her hospital stay. Serological tests for HIV, Hepatitis B, Hepatitis C, and antinuclear antibodies (ANA) were negative.
Meanwhile, the patient was managed with adequate hydration, proton pump inhibitors for gastritis, and neutropenic precautions. Over a one-week period, her complete blood count revealed Hb of 120g/L, TLC of 5.2x10 Table  1) . She was discharged from the hospital after psychiatric counselling. The patient presented for follow-up after two weeks and was found to have normal haemoglobin (123g/L), leucocyte count (5.7x10 9 /L), and platelet count (214x10 9 /L). Her mood was euthymic and she is currently under follow-up with the psychiatrist.
Discussion
Yellow phosphorus, also known as white phosphorus, is a protoplasmic toxin that causes arrest of cellular replication in the metaphase stage of mitosis. 4 The clinical features of yellow phosphorus toxicity are mostly related to the gastrointestinal system. 3 The kidneys and the central nervous system may be affected to a lesser extent. Garlic odour, vomiting, mucosal erosions, and phosphorescent faeces are well-described features. Since more than 60 per cent of an ingested dose is concentrated in the liver after rapid absorption from the gastrointestinal tract, 5 the liver is particularly vulnerable for damage. In fact, a systematic review on acute liver failure in Turkey reports that yellow phosphorus is the second most common cause for toxininduced liver failure. 6 Among the gastrointestinal manifestations, acute liver failure with coagulopathy is the most dreaded complication. When present alone, this complication may be managed by liver transplantation. 7 However, it is often accompanied by acute tubular necrosis, hepato-renal syndrome, or cardiovascular complications, in which case it is almost always fatal. The course of events following yellow phosphorus poisoning is usually spread out over three stages. 8 Gastrointestinal symptoms like nausea and vomiting predominate in the first stage in the absence of any laboratory abnormalities. After 24-48 hours, this is followed by a stage of hepatitis characterised by rising transaminases, although the patient may be asymptomatic. In a few cases, this progresses to the third stage of acute liver failure, which can be fatal. Variations in these stages have been reported, such as haematologic abnormalities in the second stage, 9 and cholestatic presentation during the third stage. 10 Our patient presented with selective myeloid series suppression leading to leucopenia after ingestion of yellow phosphorus. The transaminase elevation occurred after 48-72 hours, which followed the usual pattern of liver injury seen in yellow phosphorus toxicity. However, it did not progress to acute liver failure or coagulopathy. The leucopenia worsened over the first couple of days, only to steadily improve and become normal by the end of one week (ANC=1.3x10 9 /L).
Haematological manifestations have not been described as a classical feature of yellow phosphorus toxicity. 11 Taskesen reported low haemoglobin in a paediatric victim of yellow phosphorus toxicity. 12 Only one case of neutropenia due to acute yellow phosphorus poisoning has been reported to date in the literature. 9 Tafur et al. reported the case of a young girl who presented nine hours after ingestion of yellow phosphorus. 9 Her leucocyte count was normal at baseline, but started declining after 24 hours with a nadir of 3.5x10 Comparison of bone marrow features of this and the previously reported cases 9 reveals interesting observations. Interstitial oedema and haemorrhages in the marrow and the suppression of myeloid series were common to both cases. However, the severity of myelosuppression was more marked in the present case (30 per cent) compared to the previous one (50 per cent). The myelosuppression selectively involving the myeloid series and sparing other lineages as seen in our case, was not reported by Tafur et al. 9 A more recent study from Ecuador reported that apart from vomiting, diarrhoea, and abdominal cramps, abnormal liver enzymes and coagulation times were the major clinical features of yellow phosphorus toxicity. 13 However, no abnormalities of blood counts or bone marrow suppression were reported by the authors.
Though metaphase arrest of cells by yellow phosphorus might explain its effects on the leucocytes, it is not sufficient to unravel the pathogenesis of selective suppression of granulocytes, especially neutrophils. In fact, experiments in animals have shown that yellow phosphorus induces an increase in leucocyte count with destruction of erythrocytes 9 . Though studies on humans are scarce, one by Taussie et al. has reported temporary fall in leucocyte count following yellow phosphorus toxicity. 14 In general, drug-induced neutropenia results from either direct bone marrow suppression or immune-mediated destruction. The former mechanism operates in case of drugs like chloramphenicol whereas penicillins and cephalosporins produce neutropenia by the latter mechanism. 15 Given the limited literature on yellow phosphorus-induced neutropenia, it is difficult to hypothesise which of these mechanisms were involved in our case. Considering the marked hypocellularity of marrow in our patient, direct suppression of myeloid precursors in the marrow seems more likely. Besides, the rarity of marrow involvement with concomitant relative sparing of liver in these two cases indicates that pharmacogenetic factors involved in metabolism of yellow phosphorus might be crucial in determining its toxicity profile. Studies on the role of HLA haplotypes in agranulocytosis caused by clozapine and methimazole further justify this possibility. 16, 17 Spontaneous recovery of granulocyte counts in both cases suggests that yellow phosphorus causes reversible direct marrow toxicity. Though our patient had severe neutropenia, she did not develop life-threatening infections that are likely to occur in neutropenic patients, especially following cancer chemotherapy. Mortality from yellow phosphorus toxicity ranges from 23 per cent among those presenting with gastrointestinal symptoms, to 73 per cent among those with neurological symptoms. 8 Early attendance (within 12 hours) at a medical care facility may be associated with better prognosis. 12 No deaths have been reported following haematologic abnormalities. The relatively mild hepatic involvement and preserved haemoglobin and platelets might have contributed to the good outcome in our patient.
Conclusion
Toxicity from intentional and accidental ingestion of yellow phosphorus is becoming increasingly common, as it is replacing superwarfarins as a freely available effective rodenticide. Though rare, physicians need to be aware of the hematologic complications of this toxin. Apart from liver functions, regular monitoring of complete blood counts during the first week after ingestion would help detect bone marrow toxicity and institute therapy. Effects of yellow phosphorus on the bone marrow seem complex and further research is needed to shed light on the mechanisms involved in selective myelosuppression observed in this case. Surveillance of blood counts and evaluation of bone marrow specimens from similar cases might contribute to the understanding of this uncommon toxicity.
